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Abstract Increasing levels of physical activity are proven to have a positive impact on physical health and mental well-being. Physical activity is also known to influence work-related outcomes such as reducing sickness absence. Sickness absence is a major public health problem with wide economic impact on society and there may be much to gain from physical activity interventions aimed at preventing long-term sickness absence. Examining the relationship between physical activity and sickness absence is therefore important as it may provide benefits to organisations globally. This article provides a review of the evidence on the relationship between physical activity and sickness absence among employees. A search of databases (Web of Science, ScienceDirect, MEDLINE and Google Scholar) and references of published studies (from inception to 14 November 2012) were conducted to identify intervention studies and observational studies involving employees. A total of 37 studies published between 1981 and 2012 met the inclusion criteria. Evidence from the review suggests that physical activity is effective in reducing sickness absence. However, the studies highlighted a number of methodological concerns, including lack of description of the physical activity programme in intervention studies and use of self-report physical activity in observational studies. We conclude that, overall, the available evidence provides limited support that physical activity is effective in reducing sickness absence, due to the low quality of many of these studies. Future research should provide more detailed descriptions of the physical activity programme and use more reliable objective measures of physical activity such as accelerometers and fitness tests.
Introduction
Many adults in developed countries do not meet the recommended guidelines for physical activity in order to achieve the health, fitness and well-being benefits associated with participating regularly in this activity [1, 2] . The consequences of physical inactivity has direct detrimental effects on health [3] and is a significant risk factor for coronary heart disease, stroke, hypertension and type 2 diabetes [1, 3] . Furthermore, a clear causal relationship has been shown between amount of physical inactivity and allcause mortality [3] . In a summary of the evidence for physical activity, the WHO reports that 150 min per week of moderate-to vigorous-intensity physical activity can significantly lower these risks [3] .
Promoting regular exercise is therefore crucial for improving and maintaining societal health and well-being. There is also an economic benefit to promoting physical activity such as reducing healthcare costs [3] , and public health policy worldwide has recommended various community settings such as schools and workplaces to create a culture that encourages regular physical activity [3] . Employers are therefore encouraged to play a key role in promoting health and well-being of their employees. Furthermore, evidence suggests that adults who undertake regular physical activity are more productive at work [4] and have a lower prevalence of sickness absence [5] [6] [7] [8] . Moreover, medically certified sickness absence has been found to be a strong predictor of future disability [9] and all-cause mortality [10] .
Examining the relationship between physical activity and sickness absence is extremely important in current society given the financial impact that sickness absenteeism has on the wider economy. With a direct cost of £17 billion across the economy in 2010, for the UK alone [11] , sickness absence costs are considered to be a burden for many Western economies. Moreover, as employers bear the financial burden of reduced productivity and sickness absence and cover employee healthcare costs in many countries, a clear understanding and synthesis of the relationship between physical activity and sickness absence is required.
Although a number of intervention studies and prospective studies have reported relationships between increased physical activity and reduced sickness absence [6, 7] , these results are not shared by other intervention studies [12, 13] . Furthermore, there are a lack of randomised controlled trials (RCTs) that specifically examine the impact between physical activity and sickness absence, making it difficult to firmly draw conclusions on whether physical activity interventions reduce sickness absence. Many workplace health promotion intervention studies include physical activity as a component of their intervention, but do not/are unable to report its direct effects on sickness absence. An additional difficulty is provided by the lack of consistency between studies in measuring sickness absence and in distinguishing the type or intensity (low, moderate or vigorous) of the physical activity undertaken by workers. Clarity on both these variables is important in order to understand how different physical activity levels impact on sickness absence.
Although the associations between regular physical activity and reduced sickness absence are accepted, the emerging evidence remains unclear. The purpose of this review is therefore to clarify the relationship between physical activity and employee sickness absence by providing an overview of research on physical activity and sickness absence. This review therefore summarises the evidence for the impact of physical activity interventions on sickness absence to (i) further our understanding on the effectiveness of workplace physical activity interventions on reducing sickness absence, and (ii) evaluate which type of physical activity and its intensity are most effective. In addition to evaluating intervention studies, this review also summarises the evidence on associations between physical activity and sickness absence among working adults (observational studies). These latter types of studies are included to allow for a comprehensive understanding of the relationship between physical activity and sickness absence, particularly with regard to (i) understanding what type of physical activities are undertaken by individuals and their intensities, and (ii) comprehend the type of physical activities that individuals are most likely to participate in, and that are effective in reducing sickness absence.
Literature Search and Evaluation Methodology

Literature Search
A literature search was undertaken in November 2012 to identify published papers on the relationship between physical activity and sickness absence (including physical activity intervention studies). The literature search included a computerised database search, whereby Web of Science, Science Direct, PubMed, Google Scholar and Cochrane Central Register of Controlled Trials (Cochrane CENTRAL accessed by Wiley Science) were searched.
The following search terms were used in a series of different combinations: (absentee* OR disability days OR sickness absence OR sick leave OR sick days) AND (workplace OR work place, OR work site OR work setting) AND (exercise OR physical activity OR fitness). For intervention studies, the researchers re-ran the searches combined with one of the following terms: (intervention OR programme OR program OR randomized controlled trial* OR trial*). Adding the wildcard (*) to the end of the search term enabled the researchers to search for variations of the term e.g. absentee, absenteeism. The literature base was expanded by searching the reference lists from included studies and their citations. Review articles were also hand searched for any relevant references.
Inclusion and Exclusion Criteria
All articles that included the following were initially selected for the review: (i) some form of physical activity (e.g. exercise, sport) as a study variable; (ii) at least one of the following outcome measures: disability days, sickness absence, sick leave, sick days; and (iii) research that was conducted in a workplace setting with its employees. Included studies were therefore original research (either intervention studies or observational studies) that contained data on at least 20 participants (greater than or equal to) 18 years of age and above. Articles before 1980, those that were unpublished and those that were not written in English were excluded from the current review. Articles that did not examine associations between physical activity and sickness absence, or involved a population with a specific illness or condition were excluded. For intervention studies, these were further considered eligible if they assessed sickness absence in terms of number of sick days/sick leave measured using one of two methods: either personnel records from the organisation itself, or from registers of insurance boards. In total, 37 studies fulfilled the inclusion criteria.
Data Extraction and Analysis
The final sample of selected studies was reviewed by the lead author who extracted the data. The data was extracted from each of the identified studies, including (i) the study year, location and design, (ii) description of intervention/ description of physical activity, (iii) intervention duration, (iv) number of participants (n), (v) workplace setting, (vi) assessment period and outcome measures, (vii) method of analysis, and (viii) the results of the study. This information is presented in Tables 1, 2 , 3, 4 and 5.
Study Type and Methodological Quality Assessment
Each study was categorised by study type as well as examined for quality by the two authors. First, the studies were categorised into the following study types, as shown in Tables 1, 2 , 3, 4 and 5: type I, RCTs; type II, nonRCTs; type III, comparison intervention trials; type IV, prospective cohort studies; and type V, cross-sectional studies. Second, studies were assessed in terms of quality by examining sample, study design, methods, assessments and outcomes. For the RCT intervention studies, the quality assessment was performed in accordance with the Cochrane Collaboration [14] to independently assess the quality (risk of bias) in each study that met the inclusion criteria. These were randomisation of participants, adequate sequence generation, allocation concealment, blinding of participants of the intervention, blinding of personnel of the intervention, blinding of outcome assessment, description of intention-to-treat analyses (outcome assessment), description of attrition data and reporting of results. These were assessed using the three categories described by Cochrane Collaboration guidelines: A (low risk), B (medium risk) and C (high risk). For non-RCT studies an adapted checklist was used, and for observational studies a checklist was devised by the authors.
Findings
A summary of the research process is shown in Fig. 1 . A total of 37 articles met the inclusion criteria. Seventeen of the studies were categorised as physical activity/exercise interventions (see Tables 1, 2 and 3 ; nine RCTs, four nonRCTs and four comparison intervention trials). Eleven studies were prospective cohort studies and nine were cross-sectional studies. The characteristics of the studies, impact on sickness absence and a quality assessment are reported for each study type.
Evidence from Randomised Controlled Trials (RCTs)
Nine of the studies were categorised as RCTs [6, 12, [15] [16] [17] [18] [19] [20] [21] . Two of these studies offered a physical activity/exercise intervention as part of a larger workplace health programme [15, 20] but reported the direct impact of the physical activity/exercise component on sickness absence. Details of the studies are presented in Table 1 .
Study Characteristics
The sample size of these studies ranged from 96 to 522 participants with a mean age of 39.0-42.5 years. One study focused solely on male employees [21] and one study focused solely on female employees [12] . Three studies had a majority of female participants ([51 %) [15] [16] [17] [18] [19] , one study had a majority of male participants [20] and one study did not clarify the sex of employees [6] . Participants were white-collar and blue-collar employees from a variety of workplaces, including offices and transport companies.
Effect of Interventions on Sickness Absence
The duration of the physical activity/exercise interventions ranged from 8 to 12 months. Four studies offered moderate-to vigorous-intensity exercise, and none of these studies found a significant difference between the intervention group or control group on sickness absence [12, [16] [17] [18] . One study offered light-intensity exercise [15] and one had physical activity of various intensities [19] . Neither intervention had an effect on sickness absence. Brox and Frøystein [15] actually found sickness absence to increase in both the exercise and control groups. Three studies did not make the intensity of their physical activity intervention clear [6, 20, 21] . However, two of these studies [6, 21] reported a significant reduction in sickness absence in the intervention group compared with the control group. Both interventions consisted of weekly resistance/endurance training aimed at two different populations of employees-white-collar workers and bluecollar workers (see Table 1 for further details).
Quality Assessment
Two studies had a low risk of bias [12, 19] , while the rest of the studies had a medium risk of bias. All studies were randomised at the individual level. Three studies were matched-random designs [6, 15, 21] and two reported that Physical Activity and Sickness Absence? A Review 889 the groups were similar at baseline [19, 20] . Only two studies did not report attrition data [6, 21] . Blinding of the investigator was outlined in three of the studies [12, 15, 19] . None of the studies blinded the participants. All studies took baseline measures and provided information on the length of follow-up. All studies used objective sickness absence data taken from either personnel records or medical records. With the exception of one study [21] , all studies included both short-term and long-term sickness absence data. The use of intention-to-treat analysis was described in only two studies [12, 19] .
Evidence from Non-RCTs
Four of the studies were categorised as controlled trials [22] [23] [24] [25] . One of these studies offered a physical activity/ exercise intervention as part of a larger workplace health programme [22] but reported the direct impact of the physical activity/exercise component on sickness absence. Details of the studies are presented in Table 2 .
Study Characteristics
The sample size of these studies ranged from 453 to 534 participants with a mean age of 30.2-40.1 years. The studies had a majority of female participants ([55 %) and were mainly white-collar employees from a school district [22] and an assurance company [23] [24] [25] .
Effect of Interventions on Sickness Absence
The duration of the interventions ranged from 6 months to 12 years. Three studies offered exercise and sport of various intensities [23] [24] [25] and found, overall, that those in the intervention group who adhered to the intervention had lower sickness absence (22 %) compared with those who did not adhere within the group. Furthermore, high adherents also reported reduced sickness absence compared with the control group (see Table 2 for further details). Blair et al. [22] offered weekly exercise classes but, from their study, the intensity of the exercises is not clear. However, they reported a positive effect for their intervention reducing sickness absence.
Quality Assessment
Attrition data is reported in three studies [23] [24] [25] . The same studies also reported similar characteristics between the intervention and control group at baseline. Blair et al. [22] controlled for differences in characteristics in the analysis. All studies took baseline measures and provided information on the length of follow-up. All studies used objective sickness absence data taken from personnel Four of the studies were categorised as comparison intervention trials [26] [27] [28] [29] . One study offered a physical activity/exercise intervention as part of a larger workplace health programme [28] but reported the direct impact of the physical activity/exercise component on sickness absence. Details of the studies are presented in Table 3 .
Study Characteristics
The sample size of these studies ranged from 43 to 884 participants with a mean age of 33.0-38.1 years. Two studies had a majority of female participants ([60 %) [26, 28] and one study had a majority of male participants [29] . Participants were white-collar and blue-collar employees from a range of workplace settings.
Effect of Interventions on Sickness Absence
The duration of the interventions ranged from 8 weeks to 12 months. Two studies offered moderate-to vigorousintensity exercise/fitness programmes for 12 months and both found significant reductions in sickness absence [27, 29] . However, in one of these studies [27] , the intervention was effective in reducing sickness absence for female exercisers only. One study offered a moderate-intensity aerobic exercise for 12 weeks in postal workers and reported no significant reductions in sickness absence [28] . One study offered low-intensity exercise classes for 8 weeks and reported no statistical findings [26] .
Quality Assessment
All studies reported baseline and follow-up data. Two studies [28, 29] controlled for confounders in their analyses. Two studies used objective sickness absence data taken from personnel records and included both short-term and long-term sickness absence data [26, 29] . One study used self-report sickness absence data [28] , and one study did not make it clear whether sickness absence was taken from personnel records or self-report [27] .
Evidence from Prospective Cohort Studies
Eleven longitudinal studies examined the association between physical activity and absenteeism through a prospective cohort design [5, 7, 8, [30] [31] [32] [33] [34] [35] [36] [37] ] (see Table 4 for further details). 
Study Characteristics
All 11 studies were conducted in Europe (Sweden, Denmark, Finland, Norway or The Netherlands). Three of the studies have presented new information or analyses using the same dataset [7, 34, 35] . Two other studies have also used the same dataset [8, 37] . The follow-up period ranged from 1.5 to 8 years and a variety of physical activity behaviours were studied, including leisure-time physical activity (walking, jogging, running and aerobics) and exercise undertaken as part of workplace wellness programmes [30] . The sample size of these studies ranged from 580 to 8,902 participants with a mean age of 37-60 years. Five studies had a majority of female participants ([52 %) [7, [32] [33] [34] [35] and four studies had a majority of male participants ([70 %) [8, 30, 31, 36] . The sex of the participants in two studies was not stated [5, 37] . Participants were white-collar and blue-collar employees from a range of workplace settings.
Association between Physical Activity and Sickness Absence
One study examined moderate-to vigorous-intensity physical activity [37], eight studies examined a variety of exercise intensities [7, 8, [31] [32] [33] [34] [35] [36] , and two studies did not state the intensity of exercise examined [5, 30] . Eight studies showed a positive effect of physical activity on sickness absence [5, 7, 8, 32, [34] [35] [36] [37] . However, 
Studies retrieved for detailed review n=65
Studies excluded based on eligibility criteria or multiple publications n= 28
Reasons for exclusion: Targeted employees with specific health conditions (e.g. musculoskeletal disorders) Only presented a research protocol
Studies included n= 37
Physical activity/exercise interventions n=17 Prospective cohort studies n=11 Cross-sectional studies n=9 Holtermann et al. [33] actually found that occupational physical activity specifically increased the risk for longterm sickness absence, whereas leisure-time physical activity decreased the risk. Only two studies found no statistically significant findings between exercise habits and sickness absence [30, 31] .
Quality Assessment (Including Measurement of Sickness Absence and Physical Activity)
All studies measured physical activity using self-report methods such as questionnaires, except for one study which measured physical activity using exercise tests on a cycle ergometer or treadmill [36] . Six studies [8, 31, [33] [34] [35] 37] controlled for confounders in their analyses. All studies used objective sickness absence data taken from personnel records or social sick registers. Two studies [5, 32] also examined self-report sickness absence. The majority of studies examined both short-term and long-term sickness absence data. Three studies [31] [32] [33] examined only longterm sickness absence and one study [5] examined only short-term sickness absence.
Evidence from Cross-Sectional Studies
Nine studies examined the association between physical activity and absenteeism with a cross-sectional design [8, 13, [38] [39] [40] [41] [42] [43] [44] . Details of the studies are presented in Table 5 .
Study Characteristics
Five of the studies were conducted in the US [13, 38, 41, 43, 44] , three in Europe [8, 40, 42] and one in the UK [39] . The sample size of these studies ranged from 143 to 79,070 participants with a mean age of 21-60 years. Three studies had a majority of female participants ([50 %) [13, 38, 40] and four of the studies had a majority of male participants ([53 %) [8, 41, 43, 44] . One study had half male participants and half female participants [39] , and one study only examined male participants [42] . Participants were whitecollar and blue-collar employees from a range of workplace settings, including financial services, healthcare organisations, airlines and other public sectors.
Association between Physical Activity and Sickness Absence
Four studies measured moderate-to vigorous-intensity physical activity [8, 13, 41, 42] and two of these studies reported significant associations between moderateintensity physical activity and lower sickness absence [41, 42] . One study [8] found an association between vigorous-intensity exercise and lower sickness absence.
One study examined physical activity of various intensities [40] and found a significant association between physical activity and lower sickness absence. Four studies did not state the intensities of the physical activity in their studies but reported a significant association between physical activity and lower sickness absence [38, 39, 43, 44] .
Quality Assessment (Including Measurement of Sickness Absence and Physical Activity)
Six studies used self-report physical activity data [8, 13, [38] [39] [40] [41] . Two studies assessed physical activity by fitness tests [42, 43] and one study used both fitness testing and self-report data [44] . Five studies controlled for confounders in their analyses [8, [40] [41] [42] [43] . The majority of the studies used objective sickness absence data obtained from personnel records [38] [39] [40] [42] [43] [44] . The remaining studies used self-reported sickness absence data [8, 13, 41] . Most studies measured both short-term and long-term sickness absence [8, [39] [40] [41] [42] [43] [44] . One study only examined short-term sickness absence [38] and one study was unclear about which they examined [13] .
Discussion
The aim of this article was to review the literature and summarise the evidence for physical activity interventions on reducing sickness absence, and summarise the evidence on the association between physical activity and sickness absence from observational studies. Evidence from RCT studies suggest that overall, moderate-intensity physical activity interventions do not reduce sickness absence. However, RCT interventions involving weekly resistance/ endurance training do have a positive effect in reducing sickness absence but the two studies reporting these findings did not make the intensities of their physical activity intervention clear [6, 21] . Although these two studies were matched-random designs, they were considered to have a medium risk of bias. Therefore, there is, at best, limited evidence from RCT studies that workplace physical activity interventions are effective in reducing sickness absence. This is a similar conclusion to that drawn by Proper and colleagues [45] in their 2002 review of physical activity interventions on absence. This highlights how RCTs since 2002 have not provided any further scientific evidence on the effectiveness of physical activity interventions for reducing sickness absence.
Evidence from non-RCT interventions and comparison intervention studies (no control group) suggest that overall physical activity interventions reduce sickness absence, particularly among those who adhere to the physical activity programme [23] [24] [25] or undertake moderate-to vigorous-intensity physical activity [27, 29] . Despite being non-RCT or comparison studies, some of these studies have a number of merits, such as reporting of attrition data, reporting similar characteristics in the intervention and control groups, and the length of intervention. It is often difficult or impractical in a workplace setting to randomise participants or to include a control group depending on the size of the organisation and the level of exchange that takes place between employees in the different groups (e.g. exchanging information about the intervention), which could introduce contamination bias. Nevertheless, due to the lack of a true control group, the real effectiveness of these interventions is potentially obscured.
A key limitation with many of the intervention studies is the lack of detail provided on the physical activity intervention, particularly around the intensity of the physical activity introduced. This makes it difficult to adequately compare the studies and to assess the effectiveness of specific physical activity interventions. For the RCT studies, randomisation was at the individual level, which could have introduced contamination bias. A preferred method is to randomise at the worksite level (i.e. different worksites take part in either the control or intervention group) but this would mean that interventions can only take place in very large organisations. Studies are required to examine the effects of physical activity interventions in reducing sickness absence in small-and medium-sized enterprises as these organisations often have fewer resources to deal with employee health and wellbeing than large organisations.
Evidence from prospective cohort studies suggests those who are physically active are more likely to have low sickness absence. The strength of these studies is their long timeframe for assessing the effect of physical activity on reducing sickness absence. However, weaknesses include the use of only self-report data in assessing physical activity and the lack of clarity in some studies over the intensity of the physical activity undertaken. Furthermore, the studies use a variety of self-report measures for physical activity and different statistical analyses, thereby making it difficult to compare across the studies. Overall, the prospective cohort studies in this review revealed a mixture of results in terms of frequency, intensity, time and type of physical activity, and further evidence is required to clarify which combinations are the most effective as well as most preferred by individuals for reducing sickness absence.
Evidence from cross-sectional studies suggests an association between participating in physical activity and having lower sickness absence. Three of these studies objectively assessed physical activity by fitness tests [42] [43] [44] and found that employees who had better physical fitness had lower sickness absence (12 month sickness absence data). The remaining studies are weak in that they use self-report measures for physical activity and some studies also use self-report for sickness absence. In terms of physical activity and their intensities, the findings are not clear, although some studies suggest cycling, jogging and walking are most popular choices via self-report.
One of the aims of this review was to identify what type of physical activities are frequently reported (preferred) by participants; and what type of physical activity and its intensity is most effective for reducing sickness absence. Unfortunately, this has been difficult to determine as most of the studies reviewed here do not clearly report the type of physical activity undertaken and/or its intensity. However, the RCT studies do suggest that resistance/endurance training may be most effective in reducing sickness absence. Evidence from cohort studies and cross-sectional studies report a broad range of physical activities undertaken by participants (e.g. aerobics, walking, swimming, jogging) but not enough information is presented across the different studies for us to pool the evidence together and identify the physical activities (and their intensities) that individuals are most likely to participate in.
Overall, a key strength across all types of studies reviewed here are their use of objective sickness absence data. Absence data from personnel records or sickness absence registers may contain errors or limitations, but they are more likely to be accurate than relying on participant recall of frequency and duration of sickness absence over the past 12 months. However, analysing sickness absence data is complex and a variety of methods have been used to analyse sickness absence data in the studies reviewed here. There are a number of key limitations across the studies, the first being the lack of detail in describing physical activity and/or using self-report measures for physical activity. This makes it difficult to ascertain whether physical activity has an effect on sickness absence and, if so, what intensity or type of physical activity is most effective. Other limitations include the different sex balance between studies and the different population size between studies, with the smallest groups reported for some intervention studies and the largest groups reported for prospective and cross-sectional cohort studies, where the latter studies may be biased as they tend to result in larger estimates of effect and the intervention studies may not be sufficiently powered to show an effect.
In this review, the interventions were categorised into groups based on our understanding of their intervention and their content and therefore open to interpretation. The major strengths of our review were the broad inclusion criteria for both intervention and non-intervention studies, thereby allowing a more complete understanding of the evidence for the effect of physical activity on sickness absence. Furthermore, our study focused solely on the Physical Activity and Sickness Absence? A Review 905 direct findings between physical activity/exercise and sickness absence in the general population. Other reviews that have examined physical activity and sickness absence have included multicomponent intervention studies where the direct effect of physical activity on sickness absence is not measured, therefore making it difficult to draw conclusions about the direct effects of physical activity on sickness absence [46] . Our findings therefore add to the literature and suggest that, overall, the available evidence provides limited support that physical activity is effective in reducing sickness absence, due to the poor quality of many of these studies.
In a review of our findings, future RCT studies need to be of higher quality and ensure they are reporting descriptions of the physical activity intervention more thoroughly. Standardised ways of reporting physical activity interventions is perhaps required so that studies can be compared more easily. Future cohort studies should include more objective measures of physical activity, such as the use of pedometers or accelerometers and fitness tests. This will allow for a more detailed comparison of findings across studies. Finally, studies should include psychosocial measures of physical activity behaviours to identify which type of behaviours can be targeted in physical activity interventions.
Conclusions
To our knowledge, this is the first review to directly examine the effect of physical activity on sickness absence. Overall, the findings suggest that the evidence base is limited due to the low quality of many of these studies.
